Empirical Evidence on Price 
Determination in Canada: 
An Aggregate Approach 


by P. Duguay 


“10VerInmens ” 


rr 


The Research Department of the Bank of Canada undertook the preparation of the study 


*Price Flexibility and Business Cycle Fluctuations in Canada - A Survey” for the 


Royal Commission on the Economic Union and Development Prospects for Canada. This 


paper was a working document for the study. The views expressed are those of the 


author(s): no responsibility for them should be attributed to the Bank of Canada. 


The author would like to thank colleagues at the Bank for their 
contributions and comments. However, the author takes full responsibility for 
the content of the paper. 


EMPIRICAL EVIDENCE ON PRICE DETERMINATION IN CANADA: AN AGGREGATE 
AP PROACH 


Inflation is in its essence a macroeconomic phenomenon, that of the 
gradual erosion of the purchasing power of money. It thus requires a 
macroeconomic explanation. An aggregate approach appears better suited 
for an analysis of aggregate price changes than a disaggregated one which, 
typically, would tend to emphasize microeconomic supply considerations at 
the expense of the macroeconomic explanation. From the outset, however, a 
distinction must be made between an aggregate price equation viewed as a 
model of inflation, and one viewed as a model of the dynamics of price and 
output adjustment to an aggregate demand shock. As a model of inflation, 
the price equation must encompass the determinants of both aggregate 
demand and aggregate supply. It will typically relate price changes to 
both current and anticipated changes in the money supply, since a 
sustained increase in the rate of monetary expansion is both a necessary 
and a sufficient condition (in the absence of structural changes in the 
rate of growth of the labour force and/or total factor productivity) for a 
Sustained increase in the rate of inflation. 

As a model of the supply response of the economy to an aggregate 
demand shock, the price equation becomes an aggregate supply curve; it 
eannot.c laimato, "explain" inflation.? It does, however, focus on the 
most important aspect of the inflation process, its real output (and 
employment) implications. This is the approach followed here. Although 
the advantages of an aggregate approach are obvious in a model of 
inflation, they are less so in a model of the supply response. The search 
for micro theoretic foundations to the Phillips curve phenomenon (Phelps, 
Lucas, etc.) illustrates this. On the other hand, the covariation between 
aggregate prices and aggregate output is definitely a macroeconomic 
phenomenon, and lest it be overlooked in a disaggregated analysis because 
of the latter's excessive concentration on special factors, the need for 
an aggregate analysis, if only as a complement, is unquestionable. 

In this paper, the specification and estimation of an aggregate 
equation for the GNE deflator is examined. Some theoretical 
considerations are reviewed in the first section and estimation results 
are presented and discussed in the second section. Rolling regression 


estimates are then presented in a concluding section. 


Ls, Indeed, there has been an increasing tendency over the past ten years 
to write the supply curve with output rather than prices as the 
variable on the left-hand side. For an early review of this 
tendency, the reader is referred to Laidler (1981). 
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Theoretical Considerations 


The aggregate approach has been championed by R.J. Gordon in several 
recent papers. In its "modern" form, it expresses the rate of inflation 
(5) as a function of the rate of growth of nominal spending (y), the rate 
of growth of trend (or potential) output (q*), past rates of price changes 
(b(L) p =" = bP gy) and the rate of capacity utilization (measured by the 
deviation of output (or its logarithm, q) from trend (q*)): 


p = aly-q*) + b(L) p + c(q-q*) + u. (1) 


Other influences in addition to the random disturbance term (u) can be 
found in different versions of this basic equation, but these are the 
major determinants. 

This approach focuses primarily on aggregate demand as the long-run 
determinant of inflation; it assumes that changes in capacity output are 
fairly steady and sets out to explain how changes in aggregate demand are 
going to be absorbed between price changes and output changes in the 
Shore run: 

One advantage of equation (1) over the more traditional 


representation: 


p = a'(q-q*) + b'(L) p + c'(q-q*) + u' C2) 


is that it firmly anchors inflation to its long-run determinant rather 
than Linking it to its past behaviour and some elusive "disequilibrium" 
variable. 

This form can be traced back to the early monetarist model of the 
Federal Reserve Bank of St. Louis (Andersen and Carlson, 1970). Also see 
Duguay, 1979. In that model, the regression of price changes on changes 
in nominal spending was an ingenious way to preserve a recursive ordering, 
given that changes in nominal spending were determined independently of 
price disturbances (u) by current and past changes in the money supply (m) 


and nominal government expenditures (3): 


y= v(L) a+ KCL) g + uy (3) 
This recursive ordering —- provided that the structure of the model was 
valid -- meant that ordinary least squares (OLS) estimates of the 


a See Gordon (1980, 1981 and 1982), Gordon's comments on Schultze 
(1981), and Coe and Holtham (1983). 


aggregate supply curve were unbiased. ° 

An interesting characteristic of having the rate of growth of nominal 
spending on the right-hand side of the aggregate supply equation is that 
OLS estimates are invariant to the particular renormalization adopted for 


estimation purposes. Thus equation (1) can equivalently be expressed as: 


q =squerncl—aycy=q*) == bCLY ep ct q-qh ye mut (4) 


to highlight the fact that the aggregate supply curve involves the 
simultaneous determination of prices and output (for a given aggregate 


demand schedule). By contrast, renormalizing equation (2) as 


eee el a> Ly) pec fa) Cq-qe) =a") a: C5) 


will not yield the same parameter values as equation (2). 

These "advantages" however, are only real if the rate of growth of 
nominal spending is exogenous. This is an important issue that is not 
adequately addressed by Gordon. The assumption of exogenous nominal 
spending in this context is an assumption that nominal spending is 
independent of supply disturbances (cov(y,u) = 0). Only then will OLS 
produce unbiased estimates of parameters a, b, c. This means that the 
price elasticity of aggregate demand must be minus one. If it is less 
than one in absolute value, a will be biased upward, and inversely if it 
is greater than one. By contrast, Gordon's argument centers on the 
price elasticity of aggregate supply. He argues that an equation that 
forces all price adjustments to be explained by real variables and lagged 
price changes would produce results plagued with positive serial 
correlation if it were applied to a case where prices respond promptly and 
completely to changes in nominal GNP with little residual effect on real 
GNP. He cites the 1915-22 period in the United States as an example 
(Gordon, 1981). What Gordon does not seem to appreciate is that if 
nominal-income growth adjusts passively to inflation (say because the real 
demands of a war economy are incompressible or at any rate unresponsive to 
price increases), then the superior fit of equation (1) over equation (2) 
merely reflects the regression of current prices on current price 
disturbances. * Indeed, if the supply curve were so inelastic that real 
output did not react to changes in aggregate demand, then there would be 


no more point in estimating an aggregate supply curve specified as (1), 


3. Ironically, as their unconventional form gained acceptance, the 
St. Louis staff reverted to a more conventional one (Carlson and 
Hein, 1983). 


4. Careful attention to the specification of supply-shift variables will 
reduce the magnitude of the bias by reducing the variance of the 
unexplained residual, but it does not eliminate the problem. 


(4) or (5) than there would be in estimating equation (2). Equation (1) 
is not meant to give an explanation for price changes. 

The argument for using equation (1) over equation (2) must stress the 
price-elasticity of aggregate demand. Mathematically, equations (1) and 
(2) are identical, with a' = a/(l-a), b'(L) = b(L)/(1-a), c' = c/(1-a) and 


', will always 


u' = u/(l-a). But econometrically, OLS estimates of a', a 
be less than a/(l-a). This may be because a' is biased downward, or 
because a is biased upward, or because both are biased. Equation (2) will 
produce unbiased estimates if real spending is independent of current 
price disturbances (cov(q,u') = 0); this requires a zero instantaneous 
price elasticity of aggregate demand. Equation (1) will produce unbiased 
estimates if this elasticity is minus one. Short of estimating a model of 
aggregate demand, there is little that can be said a priori on its price 
elasticity and therefore on the relative merits of equation (1) vs. 
equation (2). Of course, a price increase will reduce the demand of an 
individual with fixed income, but this individual experiment cannot be 
transferred to the macroeconomic level where someone's cost is someone 
else's income. 

Typically, a positive price shock will reduce aggregate demand 
through the real-balance or the real exchange rate channels. There may be 
a presumption that the income distribution effect of a price increase will 
generally act to reduce rather than increase aggregate demand, but this is 
only a presumption. The real-balance (or real-wealth) effect is due to 
the reduction in the real value of nominally fixed outside assets (money 
and government bonds); a reduction in real wealth may reduce consumption 
spending directly, and a reduction in real balances will raise interest 
rates and reduce capital expenditures. The real exchange rate (or 
international competitiveness) effect is due to the substitution of demand 
away from the more expensive domestic products in favour of cheaper 
foreign products when increasing domestic costs are not offset by a 
corresponding exchange rate depreciation; this will lead to a reduction in 
the current account balance and in GNP (q). The price elasticity of 
aggregate demand is thus likely to be negative, at least over time, 
provided that the supply of money is not passively accommodating price 
changes. But it is very unlikely that it would be minus one over the unit 
of time (year or quarter) chosen by the investigator. The negative 
response of aggregate demand to price shocks could be much larger than 
suggested here, however, if monetary authorities react to price increases 
by contracting the money supply. 

This question was examined empirically (Duguay, 1979) in the context 
of the estimation of a St. Louis-type, reduced-form model for Canada. In 
the St. Louis reduced-form monetarist model, aggregate demand is assumed 
to have a price elasticity of minus one: nominal spending is assumed to 
depend exclusively on exogenously set money supply and (to a lesser 


extent) nominal government spending, and real spending is determined 


residually from the identity q = y-p. A variant of this model (Duguay, 
1979)° was estimated for Canada against an alternative with a Keynesian 
(or neoclassical) slant, in which aggregate demand was assumed to depend 
on real money balances and the other autonomous spending variables. The 
difference between the two models, which allows one to test the St. Louis 
assumption of unitary price elasticity of aggregate demand, lies in the 
fact that the aggregate-demand response to either real or nominal money 


supply is spread over time. Thus, one can test whether 


4 = v(L) m+ kK(L)X - pb (6) 


performs better than 


v(L) (mp) + k(L)x, (7) 


Qe 
i] 


when m is treated as exogenous. One can also use the predicted values of 
q from equation (7) and the predicted values of y from equation (6) as 
instruments for q and y in the estimation of equations (2) and (1) 
respectively. Contrary to their OLS counterpart, the instrumental 
variable (IV) estimators of a and a' are unbiased or very nearly 
unbiased.° I found an IV estimate of a of 0.33, virtually equal to the 
OLS estimate of 0.31, and an IV estimate of a' of 0.30, more than four 
times the insignificant value of 0.07 yielded by OLS. I also found that 
equation (6) performed better than equation (7) in dynamic simulation over 
the 1969-77 period. This would seem to support Gordon's preference for 
equation (1). 

Past price changes in equation (1) stand as a measure of both 
structural inertia in the pricing process (due to adjustment costs, 
contractual arrangements, or price imitation resulting from staggered wage 
contracts) and the autoregressive content of inflationary expectations. 
The latter will depend on the generating process of inflation and 
aggregate demand. (Indeed, a more general specification would allow a 
distributed lag on nominal income as well as on prices.) If disturbances 
in the rate of growth of nominal spending are regarded as transitory, 


b(1), the sum of b; in equation (1), will be less than (l-a). We would 


58 Nominal aggregate demand depends on real rather than nominal fiscal 
variables, as well as on real exports and terms of trade (denoted as 
x in equations (6) and (7)). 


6% A minimal bias may persist because the instrument y includes current 
period m (with a small coefficient of 10%), while the instrument q 
includes current period (mp) (with an insignificant coefficient of 
less than 2%). 


expect this to be the case if the rate of growth of nominal spending 
follows a covariance stationary process. 7 In that event, it would not be 
reasonable to use the estimated parameters of equation (1) to inquire 
about the consequences of a permanent increase or a permanent reduction in 
the rate of monetary expansion (Mishkin, 1979). 

Such supply factors as would be revealed by a disaggregated analysis 
can be incorporated into this framework by the addition of supply 


variables (z) 


p = a(y-q*) + bD(L)p + c(q-q*¥) + dz +e. (8) 


This method is a more valid way of measuring the macroeconomic influence 
of these factors than that of tracing the propagation of these influences 


through a structural disaggregated price model: : 


n 
: = . - * i= 
p. Sabie. P + c .(q; qs ) + d.z,, i = 1,n 


n 
and p = “2i@wep 


This is because the disaggregated model may inadvertently impose 
unwarranted constraints on some c; and dj. In principle, all special 
microeconomic factors z; (and possibly the qs) should be included in 

every individual price equation. In practice, because cross effects are 
diffused, they will typically be small, appear statistically 
insignificant, and be neglected in an effort to improve statistical levels 
of significance. In some cases, they may be ignored rather than 


neglected. As a result, the implicit equation for aggregate prices 


wey’ CieR)e (Crosse 2) 


ip See T. Sargent (1971). If the rate of growth of nominal spending 
were randomly and independently distributed around a constant mean 
u, and if prices adjusted instantaneously to clear markets, then we 
would have the aggregate supply curve 


p = aCy-q*) + c(q-q*) + (l-a)( wp -Q*), 
the equation estimated by R. Lucas (1973). 


8. For the sake of simplifying the notation let Pm tO Pp represent 


factor costs (say, wages) and z, to z, include labour's price 
expectations (p®). 


i) 
=~ 
= 


where W' 


~ 


C, Q, D and Z are diagonal and block diagonal matrices of the 


~ 


Cis das d., and zs variables or coefficients, 


will differ from the true reduced-form solution: 


B= °w''(rp)7 +. (0°9 49D z)5 (9) 


where C = Lc, } and D = (d;, }. Possible omitted variable biases in 
the estimation of coefficients Bisse C; and d. are another source of 
discrepancy, but in general they will tend to provide a partial offset to 
the original misspecification (b; will typically be underestimated, and 
‘Se and d, will capture any correlation between q, and Zz; on the one hand 
and the omitted variables on the other). 

There is, however, an aggregation loss in relating price changes to 
aggregate output only, as does equation (8), rather than to sectoral 
outputs, as would the reduced-form equation (9). This is because 


c(q-q*) ~cW'Q will correspond to w'(t-B) + 


Go onI geet (1=B)Peeome rs 
This can be remedied by introducing (qj-q) among the zj; variables. 

The choice of the special factors (z;) to be incorporated in 
equation (8) reflects the trade-off between the contribution of these 
factors to an improvement in the level of statistical significance of the 
estimation of parameters a to c through the reduction of the noise term 
(e¢) and their contribution to a weakening of the statistical analysis 
through the reduction in the number of degrees of freedom. 

Equation (8) can be used to address the leading concerns of 
macroeconomists about the price-formation process: concerns about the 
cyclical sensitivity of prices, about the relative influences of the level 
vs. the change in the rate of capacity utilization on the trend in 
inflation, about the formation of expectations or, more generally, about 
the influence of lagged price developments; and about the stability of 
these factors over time. 

R.J. Gordon's evidence for the United States shows a remarkable 
stability over time (1892-1980) of parameters a and c and a marked 
change in the process of formation of price expectations (b(L)) after the 
Korean War. Whereas b(1) is negligible before 1950, it is close to (l-a) 
after that, confirming the accelerationist hypothesis. Gordon's evidence 
differs somewhat from that of C.L. Schultze (1981) who also observed the 
stability of parameter a in peacetime conditions, but concluded that the 
effect of the output gap (c) was a postwar phenomenon and that the 


accelerationist hypothesis received no support from the data before 1967. 


Gordon tested explicitly for structural changes in the price-formation 


process and found that the only significant instances of structural 


ee, 
changes were: 


cii3) an increase in coefficient a from 33% to 87% during and in the 
aftermath of World War I (1915-22), and 52% during and in the 
aftermath of World War II (1942-49); 


Gey a drop from 0.18 to zero in the effect of the output gap on 
inflation during the depression (1929-41); 


(iii) an increase in the coefficients of lagged prices (b(1)) from an 
insignificant 5% to 46% in 1950, not 1942, 1954 or 1967, which 
Gordon interprets as providing support for the hypothesis that 
the advent of the three-year overlapping staggered-wage contract 
in 1948 explains the greater degree of price inertia. 


Gordon's interpretation of the last change is not convincing. Far from 
suggesting greater price inertia after 1950, his equation implies that the 
economy has become accelerationist or nearly money-neutral with four 
fifths of the changes in nominal income being ultimately reflected in 
prices compared to less than one half before 1942. His results are more 
consistent with a monetarist contention that expectations became extra- 
polative under a fiat money standard, because monetary policy tends to be 
more accommodative under such arrangements than under a gold standard. 
Coe and Holtham (1983) reported regression estimates for the period 
1952-81 for several 0O.E.C.D. countries including the United States and 
Canada. They found overwhelming evidence of accelerationist properties, 
particularly after 1970, for most countries. For the United States they 
reported a sharp increase (from 0.31 to 0.80) in parameter b in 1971, 
partially offset by a drop from (0.52 to 0.21) in parameter a. For 
Canada, they found an increase in coefficient a from 0.47 before 1971 to 
0.80 after 1970; their estimate of the lagged price-change coefficient 
remained stable at 0.22. Coe and Holtham obtained systematically larger 
estimates of parameter a than most other researchers; they attribute this 
to their different estimation technique (use of IV estimator) and their 
different method of constructing trend output (a phase average trend 
method which produces a flexible estimate of trend output). They also 
obtained steeper estimates of the Phillips curve than most researchers as 
a result of their definition of trend output, with a one percentage point 


gap causing a 0.6 percentage point reduction in inflation in both 


Di, These are taken from Gordon's comments on Schultze (1981). They 
differ a little from Gordon's (1980) article. In the earlier piece, 
Gordon reported no significant change in U.S. price behaviour during 
the Second World War (other than the influence of price controls) and 


dated the change in the process of formation of expectations as 1953 
instead of 1950. 


10. A zero value for parameter c indicates that there are no natural 
tendencies in the economy that would bring output to its trend growth 
path following an aggregate demand disturbance. This may be due to 
incorrect estimates of trend output, but it may also be telling us 
something about the state of the economy during the depression. 


economies. (Alternatively put, about 60% of an Output gap would tend to 


be closed each year in the absence of unexpected demand shocks.) 


The Empirical Evidence for Canada 


Equations (1) and (8) were estimated over various subperiods of the 
1955-81 period to check the stability of the inflation process in Canada. 
The inflationary experience over this period can be conveniently divided 
into four phases (see Chart 1). From 1955 to 1961 inflation remained low 
(averaging 1.6%) but displayed a large quarter-to-quarter volatility; Ml 
growth also fluctuated sharply, falling quickly near zero after two short 
bouts of near 10% growth. From 1961 to 1966, inflation increased steadily 
as the economy recovered from the 1960 recession; over this period, Ml 
growth also increased quite steadily, exhibiting much less volatility than 
in the preceding period. From 1967 to 1970, Ml growth decreased quickly 
as a result of a major effort to curb the mounting inflationary pressures 
associated with the high rate of capacity utilization; over this period, 
the trend rate of inflation stabilized around a plateau of 4%. The 
stubbornness of inflation and the entrenchment of inflationary 
expectations were first recognized when inflation failed to fall with the 
declining rate of capacity utilization. Inflation was starting to react 
in 1971 (after the departure from a fixed exchange rate) when concerns 
over the high rate of unemployment and the rapid appreciation of the 
Canadian dollar led to a reversal of policy. Monetary growth soared to 
about 15% and was on a slow decelerating trend for the rest of the 
decade. This marked the beginning of the fourth phase in the postwar 
history of inflation. This last phase was marked by two bouts of 
escalating oil prices, a reduction in Canada's potential output growth and 
an interval with incomes control. Inflation took off in 1973-74, but 
declined only slightly over the decade 1973-82, in spite of the 
decelerating growth in the money supply. Inflationary expectations became 
more entrenched. The sharp fall in inflation in 1983 marks the beginning 
of a new phase. 

The estimation period (1955-81) was subdivided into various 
subsamples based on the exchange rate regime (55Q1-62Q1; 62Q2-70Q2; 
70Q3-81Q4) and on a more or less arbitrary division into three subsamples 
of equal length (55Q1-63Q4; 64Q1-72Q4; 73Q1-81Q4). The decision to end 
the estimation period in 1981 was based on the fact that Canada 
experienced her most severe contraction in the post-1950 period in 1982. 
We do not want it to dominate the estimation; in addition, it provides an 
interesting opportunity for extra-sample testing. 

The regression results tabulated in Table 1 for the simple equation 
(1) indicate that the inflation process has changed substantially over 
time. For example, a dramatic change is observed in the autoregressive 


structure of price changes, with b(1) increasing from a large negative 


- 10 - 


(-0.85) for the 1955-61 subperiod to a large positive (0.59, just under 
(l-a)) for. the 1973-81 period. We also find a large increase (from 0.07 
to 0.22) in the coefficient of the gap between the 1955-63 and the 
1964-81 subperiods, and a drop in coefficient a from 31% over the full 
sample period to only 9% during the sixties. 

A Chow test reveals that these changes are statistically significant: 
for example, the sum of squared residuals over the three subperiods 
55Q1-62Q1, 62Q2-70Q2, 70Q3-81Q4, characterized by their exchange rate 
regime, is 22.794 compared to 32.534 for the period as a whole, leading to 
an F-statistic (F(12,90) = 3.2) greater than the critical value of 2.4 at 
the 1% level. ‘+ F+ratios for Pleernaciveeeroup ies are presented in 
Table 1A, where it can be observed that the F-ratio testing for structural 
breaks in 1962 and 1973 is more significant than the test for structural 
breaks at the time of changes in the exchange rate regime. There is, 
however, only weak evidence of a structural break in 1973 when the shorter 
1964-81 period is considered: estimated coefficients a and b(1) are quite 
different between the subsamples 64Q1-72Q4 and 73Q1-81Q4, but the 
F=statistic at 1.9 is, less than its; crittcalsvalue at, the, 5. level gains 
suggests that the change in the inflationary process must have proceeded 
gradually through the sixties. 

Extra-sample statistics presented in the last two columns of Table l 
(the mean error and the root mean square error over the period 1982Q1- 
1983Q2) indicate that the price equation fitted for 1973Q1-1981Q4 (which 
does not differ materially from the equation fitted over the longer 
1964Q1-1981Q4 period) overestimates greatly the effect of the 1982 
recession on prices. The mean forecast error is almost 2 percentage 
points at quarterly rates. This is a result of the estimated value of 
coefficient c on the gap being extremely large: a 1% gap between actual 
and trend output is estimated to lower inflation by about one percentage 


12 


point (annual rate). This is five times the value reported by Gordon 


for the United States. When the equation is fitted over a longer sample 
period (see lines 9, 10, and 11 on Table 1) this coefficient bears most of 
the burden of parameter instability, !° and it falls significantly; as it 


does, the forecast errors for 1982Q1-1983Q2 improve markedly. This 


11. The calculated F probably has a slight upward bias due to the 
presence of heteroscedasticity, as detected in the much lower 
variance of residuals over the 1962-70 subperiod. 


12. Trend output was defined as the fitted value of real GNP regressed in 
logarithmic terms on a linear time trend over the 1953-8] period and 
on a 12-quarter moving average of a time trend starting in 19740157 to 
allow for a gradual reduction in the trend rate of growth of GNP 
after that date. 


13. This is quite different from saying that this parameter is the 
unstable one. In fact, this parameter turns out to be quite stable 
over the 1958-81 period. 


- ll - 


suggests that the equation's parameters have changed again during the 
recession. 

Our findings on the stability of this price equation contrast sharply 
with Gordon's results for the United States. Whereas we are led to 
conclude that the formation of price expectations became extrapolative 
only gradually, under the accumulated evidence of accelerating growth in 
money, prices and nominal income, Gordon had no difficulty in finding 
accelerationist properties in the price-formation process in the United 
States before 1967. Gordon (1982) did, however, observe that the mean lag 
on past price changes had shortened significantly from 11.2 to 6.8 
quarters after 1966. Thus, it could be that our lag distribution on past 
price increases that extend over only 6 quarters is too short. 
Furthermore, Gordon insisted that the influence of supply shocks (z;) 
must be accounted for if the regression is to yield any reasonable 
estimates of parameters a, b(L) and c. We should thus turn, now, to a 
richer specification. 

Tables 2 and 2A report the regression results and F-ratios for 


structural stability for equation (10): 
p = aly-q*) + b(L)p + c(q-q*) + d(L) (px-pm) (10) 


+e(L) pe +£(L) QAIB + ce, 


where px, pm and pe are the implicit national accounts deflators for 
merchandise exports, merchandise imports and energy consumption, and 
QAIB is a transitional 0-1 dummy intended to capture the effect of 
the imposition of incomes control from 1975Q4 to 1978Q3. 


Table 3 reports some regression results for a more general specification: 
p = a(L)(y-q*) + b(L)p + c(q-q*) + d(L) (px-pm) (11) 


+e(L) pe +h(L) pe + f£(L) QAIB + e€, 


where pc is the consumption deflator. 


The reason for introducing lagged values of the consumption deflator 
is to capture the fact that inflationary expectations and especially wage 
behaviour may be primarily influenced by consumer prices rather than by 
the GNE deflator. That could be one reason why lagged price coefficients 
in equations (1) and (10) reject the accelerationist hypothesis. 

Regression results presented in Table 2 use a six-quarter distributed 
lag on p. Experiments with a longer lag structure (20 quarters) failed to 
yield any significant coefficients beyond lag five in most cases, and did 


not get us any nearer to the accelerationist results. 


= 4) 2- = 


QAIB appears with a distributed lag (f(L)) in order to allow for a 
possible offsetting of the effect of lagged dependent variables and not to 
assume that controls had a once and for all permanent effect on 
inflation. It turns out that the estimated coefficients attribute a large 
but transitory and statistically insignificant effect to the incomes 
control program on inflation. 

Energy prices enter the equation in nominal rather than relative 
terms, because we do not believe that they would react instantaneously to 
random disturbances in the general price level (€), a prerequisite for 
the relative price formulation. The introduction of contemporaneous 
relative energy-price change (pe-p) in equation (10) would cause a bias 
due to the negative covariance between this and the error term if energy 
prices do not respond instantaneously to the error term. As a result of 
the chosen specification, the requirements of an accelerationist model 
become a + b(1) + e(1) Ll in (10); and a(1) 4° b(1) + e(1) +°hClje=" ion 
Gil)s 

Export and import prices are introduced primarily to prevent the 
spurious correlation between income growth and the terms-of-trade swings 


1+ these swings 


of the 1970s from biasing the estimation of parameter a. 
reflected the international commodity price boom and were largely 
exogenous to the Canadian economy. In turn, they have greatly affected 
the real income of Canadians by causing wide fluctuations in the ratio of 
the GNE deflator to the CPI (see Freedman, 1977). It turns out that the 
terms-of-trade effect is very strong starting in 1962Q2, and that its 
inclusion stabilizes the estimated value of coefficient a. In Table Lea 
is observed to fall from 0.18 to 0.10 between 55Q1-62Q1 and 62Q1-70Q2 and 
to increase to 0.31 over the 70Q3-81Q4 interval. In Table 2, the 
estimated values of a are 0.12, 0.10 and 0.14 over the same periods. Even 
more striking is the fact that a takes on values of Ov156980-163e4andees165 
over the 55Q1-63Q4, 64Q1-72Q4 and 73Q1-81Q4 subperiods in Table 2, while 
it took values of 0.17, 0.09 and 0.36 respectively in Table 1. Except for 
the late fifties, when it is insignificant, the direct terms-of-trade 
effect (d(1)) is about 20% to 25%, corresponding to the degree of openness 
of the Canadian economy. Surprisingly, however, the lag distribution of 
the terms-of-trade coefficients does not show the reversal that one would 
expect as a result of the distributed lag on the dependent variable if 
inflationary expectations "looked through" oscillations in the 


terms of trade or if they were influenced primarily by movements in 


consumer prices. 


14, This is quite different from Dewald and Marchon's use of the average 
of export and import prices to capture the influence of exchange rate 
movements and foreign price changes on domestic price developments in 
a closed economy. (See Dewald and Marchon, 1979 and Marchon, 1979). 
We chose to ignore their specification, because it still leaves 
endogenous exchange rate movements unexplained. 
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Although the introduction of terms-of-trade changes in the equation 
helps to stabilize the estimated value of coefficient a, our previous 
conclusion regarding parameter instability in this representation of the 
inflationary process is not reversed with equation (10). The coefficient 
of the gap is very small in the fifties and, if extra-sample statistics 
are any indication, during the 1982 recession; evidence that price 
expectations switched from being regressive in the fifties to being 
extrapolative during the seventies also continues to be present. In 
addition, we find that energy prices do not make any contribution to 
explaining changes in inflation until their takeoff in 1973-74. The 
introduction of relative energy-price changes as a specific source of 
inflation makes the autoregressive structure of prices less favourable to 
the accelerationist hypothesis, as can be seen from the column labelled 
a/(1-b(1)-e(1)). As pointed out above, the accelerationist hypothesis 
requires that atb(1)+e(1) = 1; instead, the sum of these coefficients is 
estimated at 0.87 (73Q1-81Q4), 0.80 (67Q1-81Q4) or even as low as 0.70 
(58Q1-81Q4). This yields much lower values for a/(1-b(1)-e(1)). In the 
simpler equation, the sum of coefficients (at+tb(l)) varied between 0.80 
(58Q1-81Q4) and 0.95 (73Q1-81Q4). Furthermore, whereas the sum of 
at+b(1)+e(1) in equation (10) is statistically different from one for most 
periods other than 73Q1-81Q4, the sum of a+b(1) in the simpler equation 
differed statistically from one only for the 58Q1-81Q4 and 62Q2-810Q4 
sample periods. 

Nothing is gained from the introduction of lagged changes in consumer 
prices or nominal spending among the explanatory variables. The lag 
structure on nominal spending generally exhibits no significant 
coefficients beyond lag one or two, and the influence of lagged consumer 
prices cannot be estimated with any degree of precision; point estimates 
often turn up at zero. Finally, the larger number of parameters to be 
estimated results in greater variability in their estimated values over 
different estimation periods. 

The effect of relating inflation to nominal spending instead of real 
GNE can be evaluated by comparing the regression results listed in Tables 
2 and 4. In Table 4, real GNE growth is used as a regressor instead of 
nominal GNE growth. Its coefficient is insignificant, always less than 
the coefficient of the gap and often negative. The sum of b(1) and e(1) 
in Table 4 is also systematically smaller than the corresponding 
(b(1)+e(1))/(1-a) in Table 2 (0.63 vs. 0.85 for the subperiod 73Q1-81Q4, 
0.70 vs. 0.76 for the period 67Q1-81Q4, 0.63 vs. 0.65 for the period 
58Q1-81Q4). 

It is suggestive that when a six-quarter polynomial distributed lag 
on the gap is substituted for regressors (q-q*) and (q-q*), the current 
value coefficient is generally quite significant, and often larger than 
lagged coefficients (see Table 5). This suggests that coefficient a' in 


Table 4 may be biased due to a negative feedback of p on q. This negative 


1h 


feedback can be due to the price elasticity of aggregate demand, as 
pointed out above, or to monetary-policy reaction, or again to errors in 
variables due to the method of deflating nominal spending in the national 
accounts. To minimize the latter, we also ran our regressions with 
chain-linked indices of p and q compiled by our colleague G. Meredith, but 


: eS 
this did not make much difference to the results. 


Concluding Comments 


The econometric results obtained with an aggregate price equation 
similar to Gordon's are on the whole rather disappointing. They point to 
a much steeper short-run Phillips curve in Canada than in the United 
States and a much smaller degree of inertia in the price-formation- 
process, two conclusions that one would not intuitively draw from Canada's 
poor inflation performance since 1972. They also exhibit strong evidence 
of parameter instability. This suggests that a more systematic 
examination of the actual behaviour of these parameters than is contained 
in Tables 1 through 5 is required. 


Rolling regressions of fixed thirty-six-quarter length were performed 


over the 1953Q1 - 1983Q4 period with a parsimonious version of equation 
(10): 
coupe 
p = a(y-q*) + ib. L p + cL(q-q*) + d(px-pm) + u CHEZ) 
i=1 
Neoware more 


where the autocorrelation coefficient (9) was constrained to -0.3, based 
on preliminary investigation. It was found that allowing for 
autocorrelation stabilized the autoregressive parameter by. Stepwise 
Chow tests were also conducted over the 1958Q1-1981Q4 and 1961Q1-1979Q4 
periods. These tests Suggest that structural breaks may have occurred in 
1961Q2 and 1968Q1. The test conducted over the longer period exhibited a 
jump in the F-ratio from 1.7 to 3.4 at 1961Q1 and peaks of 4.1 and 4.2 in 
1964Q1 and 1968Q1, respectively. The same test conducted over the shorter 
period yielded peaks in the Boratio at 4.7) 1p 1968Q1 and in 1972Q2. 
Moving regression coefficients are plotted on Charts 2 to 5, and the 
estimated variance of the residuals is plotted on Chart 6. Evidence of 
distortions in the early years of the sample period (1955-56) is 
discernible in the sharp movement of coefficients a and c and in the 


_——— es 


15. Somewhat counter-intuitively, the standard errors of regression were 


larger for the chain-linked index than for the official Paasche 
index. 
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variance of the residuals as the sample period is moved from 1955Q1-1963Q4 
to 1957Q1-1965094. 

Coefficient a, which governs the short-run split of nominal spending 
between price and real activity, normally lies between 0.15 and 0.21. [It 
tends to stand at the lower end of this range in the late fifties (samples 
56Q4-65Q3 to 59Q4-68Q3) and the late sixties (samples 6491-7204 to 
69Q1-77Q4) , and at the upper end in the second half of the seventies 
(69Q3-78Q2 to 72Q4-81Q3). It falls sharply below that range over the 
first half of the sixties, however, (to a low of 0.067 for the 62Q2-71Q1 
sample period) and when 1982 is added to the estimation period. 

The sum of coefficients on lagged prices reaches a high of 0.78 over 
the 57Q4-66Q3 sample period, but on average it remains near zero for 
sample periods ending before 1972Q3. It then escalates steadily to a 
plateau of 0.6 as the sample period is moved to include the 1973-74 
inflation outburst. It remains fairly steady between 0.6 and 0.75 for all 
sample periods ending later than 1974Q3, after an initial distortion 
caused by the 74Q2 and 74Q3 price increases which sent it to 0.89, causing 
the sum of at+tb(1) to exceed one. 

The coefficient of the gap varies between 0.11 and 0.17 from 
59Q1-67Q4 to 72Q4-81Q3. It drops markedly, however, when the sample 
period is moved back in the fifties or moved forward to include the 1982 
recession. [It reaches a minimum for the 56Q4-65Q3 and 73Q4-82Q3 samples. 
Some pickup is gradually recorded when the sample period is moved forward 
to include the 1983 experience. Finally, the terms-of-trade coefficient 
(d) tends to be quite small in the first part of the sample period, but 
varies between 0.12 and 0.19 from 1962 to 1983. It takes off temporarily, 
to a high of0.30, when the sample period is moved from 63Q3-72Q2 to 
65Q1-73Q4, but quickly stabilizes as the sample period is moved to include 
1974 developments. 

The results from the rolling regression analysis are thus consistent 
with the interpretation that parameter changes may be due primarily to 
changes in economic agents' perceptions of the persistence of price 
movements, and they suggest that a variable coefficient regression 
technique would be more appropriate to capture these changes. 

A plot of the quarterly growth rate of the GNE deflator for the 
1955Q1-1983Q4 period and its predicted value calculated from equation (11) 
is presented on Chart 7. It is noteworthy that systematic under- 
predictions of inflation are recorded in the 1961-63 and 1981-82 periods, 


16 this suggests that a non-linear 


when the GNP gap is largest. 
specification of the relationship between the gap and inflation might 
prove useful. Also noteworthy is the fact that the prediction error 


essentially vanishes in 1983. 


16. The large residual (blip) in 60Q1 appears to be related to adjustment 
entries that Statistics Canada introduced in the national accounts. 
No such positive blip is recorded in any of the individual deflators. 


a. eel 
- 


VOWES 201334 ere ve by Slt my Be" 3 
Pace tet tpaet Heat? chia war if rie . a ae 
- : ' 


ahetac A us bote!4: of ot etaepge 1908 af (qiid) lembiaet syrel —o 


weneTice lentivrini af: Se eos oi betnogey of Glide ot). 1205 cued 


eae asiscarie marae $8 | 
AD Be Sei 3 ethan. * Minibar wore nae 


¥ 


<x & 


ti 
bsp sews sts 46 *ytha theta MA: thu odd 30 bra 
6 eiqxpia ells? 31 iegis-sost of 


od? t9ve egers Tats wot 
, 2 , . a ) 7 ¢ ( > 4 ents iott 
Ap ae hy t aft) -. ov AQ » \ : J :~ VEwOR 4 nei ia 
‘ 7) aac eu Ms er3 oo bs bbs es Gl dears bas 
' > tk th eat a 
ssa & i : - 2 8922 FY en aes. OF aL 
* ; . 
\ Ln sve fi és ind ree sre sts 8 ® 
* wd | On ‘ . ; 4 43 *« gar ben" abet 4 
i. mee ~ Dive af 
: ~ Tam s bol taq biGawe we “a at 
4 se Au gal ys) sy" * 0 
™ t an ’ + 6c eG 2 
. ros Miss WeP Shine’ = 


+ 


ct “=e PP 


; ; 
hq Reet nw Spee 3h yd bs 
Res hh Tae 

' , ate $0 $09) 014)e0s Sa7 |p ; 

RA ORs © thet i 

TT u bet ihe! mays 

e 4 e1 7] wel as: 
oxy oh qedeta ss 

siz atulsy 

” ad ot bond (h 

(. neaw jad eel a 
tase ts UE ,Ole igi woo 
») Jou bOTeEE > 
eat: ae 
ejivees fi 


ri q sat 
_é@ne 
s U] oe pl « 
Aide 
] ar ’ ie 
Je A) 24 
if iocte ear t inal 
“| @2£017ite 
) ® a Teo & 
Po 
7 5 _ eR APT 4 


ck . ieee 


> 7 4 ee ib deal 


: i i : 1? nf @al tra et al 


a aoe eit °° .tesatek oh eam Si see 
rs Lees 5 

i. asae ! _ ° rtteara:tele7 S69 3m ped 

7 ‘ y . A : % 

a1 nite ¢ pa: Witseweion 664A... 

: = 5 - eo »4 =—s F&F ~ ee 

-£€0) af endtteer ghle 
» 


4° pmaaag Tt: i at te27te@ 
- mee (906 (+8 (ticket P 


.* J Gn oD ten sis) oe Gi O96 a) tn} ebanad asi tei sJan jet: eel . 


a 


: 7s a ae 


new @& WI 


a peal eased ee 


CHART 1 


Four-Quarter Growth Rates of 
Nominal GNE and GNE Deflator, 
and GAP Between Actual and Trend Real GNE 
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CHART 6 


Residual Sum of Squares from Moving Regression 
(length 36 quarters) over sample 195591 - 1987304 
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CHART 7 


ACTUAL US PREDICTED INFLATION (EGN FITTED 58-81) 
(quarterly growth rate) 
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Table 1A 
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F Tests for Structural Changes (Equation 1) 


Selected groupings: Numerator Denominator f ratio Critical F 
55Q1-62Q1; 6202-7002; 70Q3-8104 9.740/12 22.794/90 3.20 2.39 (1%) 
5591-6201; 62Q2-810%4 5 .877/6 26.657/96 3.00 3.00 (1%) 
62Q2-7002; 70Q3-8104 3.863/6 14.564/67 2.96 3.08 (1%) 
55Q1-6304; 64Q1-7204; 73Q1-8104 9.726/12 22.808/90 3.20 259) (41%) 
55Q1-6304; 6491-8104 7136/6 25.398/96 4.49 3.00 (1%) 
6401-7204; 73Q1-8104 2.590/6 13.860/60 1.8% 2025) (5%) 
5501-6201; 6202-7204; 73Q1-8104 10.259/12 22.275/90 BAG 2.39 (1%) 
62Q2-7204; 7301-8104 4.382/6 14.045/67 3.48 3.08 (1%) 
5801-7204; 7301-8104 5 .974/6 18.507/84 4.52 3.03 (1%) 
5801-7002; 70Q3-8104 6.091/6 18 .390/84 4.64 3.03 (4%) 
5801-6604; 6701-8104 6.185/6 18 .296/84 4.73 3.03 (1%) 
Table 2A 
F Tests for Structural Changes (Equation 10) 
eee EE ee ee eae a eee 
Selected groupings: Numerator Denominator F ratio Critical F 
5501-6201; 62Q2-7092; 7003-8104 8.694/22 TS7a17 72 2.07 2.10 (1%) 
5501-6201; 62Q2-8104 5 .878/11 16.557/83 2.68 2.47 (1%) 
62Q2-7002; 70Q3-38104 2.816/11 6 438/54 2315 1:97 (5%) 
5501-6304: 6401-7204; 73Q1-8104 9.035/22 13.400/72 2.21 2.10 (1%) 
5501-6304; 6401-8104 6 868/11 15.567/83 5035 2.47 (15) 
6401-7204; 7301-8104 2167/11 5 265/47 1.76 2.00 (5%) 
5501-6201; 6202-7204; 73Q1-8104 9126/22 13.309/72 2528 2.102 01%) 
62Q2-7204; 7301-8104 3.248/11 6006/54 2.66 ; 
581-7204; 7301-8104 2.870/11 11.108/71 1.67 1.93 (5%) 
58Q1-70Q2; 70Q3-8104 3.430/11 10.548/71 210 1.93 (5%) 
5801-6604; 6701-8104 4.806/11 9.172/71 3.38 2.57E( 1%) 
Table 4A 
F Tests for Structural Changes 
Selected groupings: Numerator Denominator FF ratio 
55Q1-62Q1; 62Q2-7002; 70Q3-8104 12.702/22 14.669/72 2.83 
5501-6201; 62Q2-8104 9.354/11 18.017/83 3.92 
62Q2-7002; 70Q3-8104 3.348/11 7 368/54 2525 
5501-6304; 6491-7204; 7301-8104 11.803/22 15.568/72 2.48 
5501-6304; 6491-8104 S901 18 .459/83 3.64 
6491-7204; 73Q1-8104 2.891/11 6 466/47 1.33 
55Q1-6201; 62Q2-7204; 7301-8104 13.062/22 14.309/72 2.99 
62Q2-7204; 7301-8104 3.708/11 7 .008/54 2.60 
5801-7204; 7301-8104 3.369/11 12.650/71 1.12 
58Q1-7002; 70Q3-8104 3.893/11 12.126/71 2.07 
5801-6604; 6701-8104 4.797/11 (1222773 2616 
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